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Abstract 
Dry machining is gaining more and more importance in today’s manufacturing science because of health hazards imposed by the 
use of coolants while machining. This paper presents a detailed analysis of surface topology in dry machining of EN-8 steel 
which is widely used material for general-purpose axles, shafts, gears, bolts and studs. Regression models are developed for Ra, 
Rq, and Rz parameters of surface topology which are very significant parameters from contact stiffness, fatigue strength and 
surface wear point of view. For all the regression models a good correlation is found between surface roughness and cutting 
parameters and hence these models can be used to predict the surface roughness within the range of cutting parameters under 
investigation. Regression models are compared with experimental values of roughness and with available geometrical models. 
Percent errors are also calculated by comparing regression models and experimental values and a geometrical model. It is found 
that the percent errors are very small for regression model as compared to geometrical model.Finaly performance of dry 
machining is compared with that of machining with coolant, no significant difference is found for the surface roughness with the 
dry machining and that of machining with coolant.  
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1. Introduction 
Surface topology is very important characteristic of surface integrity. Over the past years the characterization and 
evaluation of engineering surface texture has been considered as a challenging metrological problem, especially 
when high-precision and functional performance requirements exist Davim (2002).The use of lubricants and 
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coolants are under substantial criticism. Health professional around the world has pointed out many health hazards 
due to long term exposure of lubricants and coolants Boothroyd and Knight (2006). Recently dry and near dry 
cutting conditions are more popular developments in machining because of concern about coolant costs and 
environmental problems from large quantity cutting fluid applications Trent (2006). Asilturk et al. (2011) used 
Taguchi method for optimization of cutting parameters to minimize surface roughness during turning of hardened 
AISI 4140 steel (51 HRC) with coated carbide tools. The results showed a significant effect of feed rate on the 
surface topology parameters Ra and Rz.Sahoo et al. (2012) developed a regression model for surface roughness Ra 
value while turning AISI 1040 steel using coated carbide insert under dry environment. The regression model 
presented high determination coefficient explaining 99% of the variability of surface roughness which indicates the 
goodness of fit for the model and high significance of the model. Asilturk and Çunkas (2011) presented a multiple 
regression analysis for turning and reported that the feed rate is the most dominant factor on the surface roughness, 
followed by the depth of cut and cutting speed, respectively. Diniz and Micaroni (2002) carried out turning 
experiments by varying cutting speed, feed and tool nose radius, with and without the use of cutting fluid. They 
reported increase in feed increases surface roughness but for wet cutting this increase roughness was greater than for 
dry cutting. Mandal et al. (2011) investigated the machinability of AISI 4340 steel using Zirconia Toughened 
Alumina (ZTA) ceramic inserts. Taguchi and regression analysis were used for tool flank wear model, they reported 
these tool holds good for development of such models for different machining operations.Asiltürk and Neseli (2012) 
presented a combined application Taguchi method and the RSM for optimization of CNC turning parameters. They 
indicated feed rate is the most significant factor on the work piece surface roughness (Ra and Rz) with the percent 
contribution of 85.5% in bringing down the average roughness values. Leone et al. (2011) found that regression 
analysis is one of the accurate methods for prediction of tool wear during turning operation. 
2. Material and Method: 
In this investigation, work pieces of EN-8 were used. The sizes of specimens were 40mm in length and 40 mm in 
diameter. The turning length was 35mm to allow fixation of workpiece with a length 5mm. The experimental studies 
were carried out on an ACE Micromatics CNC turning center. All the experiments were conducted under dry cutting 
conditions and for comparison of surface roughness some experiments were conducted by using suitable coolant. 
The cutting insert was TNMG 06 04 04 M3 for the insert tool holder used was   MTLNR 25 25 M 06 W. The 
experiments were carried out on 27 specimens for every experimental run a fresh insert side was used for making 
suitable analysis and comparison. The surface roughness was measured using a Mitutoyo SJ-201 sampling length of 
0.8mm. Fig. 1 shows the specimens. After every turning operation specimen were cleaned and surface roughness 
was measured with a suitable clamping arrangement. The surface roughness was measured at three points on the 
specimen and average of there was taken as final roughness value. Ra, Rq and Rz  parameters were measured during 
the investigation.  
Fig. 1. (a) Test specimens; (b) Experimental setup. 
a b 
933 Sunil J. Raykar et al. /  Procedia Materials Science  6 ( 2014 )  931 – 938 
3.  Plan of Experiment:-                                                                                                                                         
Taguchi method was used in this investigation for execution of the plan of experiments, for 3 factors at 3 levels. The 
factors to be studied and their respective levels are in table.1 
                                   Table 1. Cutting Parameters and Their levels 
     Speed                                                                 
V (m/min) 
    Feed  
f (mm/rev) 
  Depth of cut  
      d ( mm ) 
125.60 0.2                             0.2 
150.72 0.25 0.4 
175.84 0.3 0.6 
 
                                                               Table 2. Orthogonal Array of Taguchi (L27) for Ra, Rq, Rz 
Job 
No. 
Process parameters Actual Surface Roughness 
V (m/min.) f (mm/rev.) d(mm) Ra (μm) Rq (μm) Rz (μm) 
1 125.6 0.2 0.2 4.1527 4.927 17.7623 
2 125.6 0.2 0.4 3.884 4.4947 15.947 
3 125.6 0.2 0.6 4.322 5.0437 19.3967 
4 125.6 0.25 0.2 7.0147 8.2347 28.3657 
5 125.6 0.25 0.4 5.8123 6.8623 24.8253 
6 125.6 0.25 0.6 6.1787 7.2853 25.723 
7 125.6 0.3 0.2 8.5757 10.0627 34.1473 
8 125.6 0.3 0.4 8.384 9.7657 33.955 
9 125.6 0.3 0.6 9.3137 11.011 39.475 
10 150.72 0.2 0.2 3.7507 4.373 15.0983 
11 150.72 0.2 0.4 3.87 4.5347 16.196 
12 150.72 0.2 0.6 4.131 4.8653 17.4307 
13 150.72 0.25 0.2 5.7883 6.797 23.7277 
14 150.72 0.25 0.4 6.408 7.5567 27.0273 
15 150.72 0.25 0.6 5.7337 6.8277 24.5947 
16 150.72 0.3 0.2 8.0542 9.5293 32.8857 
17 150.72 0.3 0.4 8.377 9.9543 35.2647 
18 150.72 0.3 0.6 8.7917 10.5007 37.8247 
19 175.84 0.2 0.2 3.6503 4.1827 14.8963 
20 175.84 0.2 0.4 3.8543 4.4793 16.0693 
21 175.84 0.2 0.6 3.85 4.4753 16.0427 
22 175.84 0.25 0.2 6.015 7.0717 24.6577 
23 175.84 0.25 0.4 5.986 7.0763 25.0773 
24 175.84 0.25 0.6 5.9207 6.986 25.6443 
25 175.84 0.3 0.2 9.0097 10.5797 36.4987 
26 175.84 0.3 0.4 8.811 10.4403 36.6503 
27 175.84 0.3 0.6 9.0937 10.7927 37.852 
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The chosen array was the L27 (313), the process parameters with their actual values, measured surface roughness 
values Ra, Rq, Rz are shown in Table.2.The roughness values indicated in the table are the result of average of three 
readings taken for each specimen at three different points. 
 
4. Result and Discussion:- 
 
4. a. Regression Analysis of Surface Finish 
The correlations between the factors (cutting velocity, feed, and depth of cut) and the measured roughness parameter 
(Ra, Rq and Rz) were obtained by multiple linear regression. The obtained results from Minitab software were as 
follows: 
Regression Analysis: Ra versus v, f, and d                                                                                                                          
The regression equation is;        
                                                                                                                                                                          
Regression Analysis: Rq versus v, f, d  
The regression equation is 
                                              
                                                                                                                                                                                 
Regression Analysis: Rz versus v, f, d  
The regression equation is 
             
The value of R-Sq and R-Sq (adj) for above models are for Ra: R-Sq = 97.1%, R-Sq (adj) = 96.7%, for Rq: R-Sq = 
97.1% R-Sq (adj) = 96.8%, for Rz: R-Sq = 96.8% R-Sq (adj) = 96.4%.  Regression equations suggest that feed has a 
greatest influence on all surface topology parameters i.e. Ra, Rq, Rz. From normal probability plot of residuals vs. 
percent for Ra, Rq and Rz it can be mentioned that for the entire plots residuals lie close to the straight line (see 
Figure 2.a, 2.b, 2.c).   
4. b. Comparison of Experimental, Regression, Geometrical Surface Roughness Values and % Error for Ra 
    The results obtained by a comparison between the predicted values by the model developed in the present work 
and theoretical geometric model and the experimentally obtained results by surface roughness are shown in Table.3 
Davim (2001). Geometrical Model for Ra is    
 
where r is nose radius of insert. Figure 3 shows comparison between values of surface roughness (Ra) obtained by 
regression model, geometrical model and experiment. From analysis of Table 3 and Figure 3, it is clear that error 
with regression model created from actual data of the experiment is very less as compared to that of geometrical 
model. Because this geometrical model for surface roughness do not consider the effect of cutting speed and depth 
of cut. This model is only based on nose radius of insert and the feed used while turning. Scatter plots shown in 
Fig.4,Fig.5.a,Fig5.b indicates effect of speed,feed and depth of cut on Ra,Rq,Rz values. 
 
 
 
Rq = - 6.57 - 0.00355 v + 57.0 f + 0.564 d       (2) 
Rz = - 22.5 - 0.0137 v + 195 f + 4.43 d       (3) 
Ra = - 5.34 - 0.00320 v + 47.7 f + 0.368 d       (1) 
Ra = 3.0321 f2 /r    mm 
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Fig. 2. (a) Normal Probability Plot for residuals for Ra; (b) Normal Probability Plot for residuals for Rz 
(c) Normal Probability Plot for residuals for Rq 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 Graph Showing Comparison of Experimental, Regression and Geometrical Ra values 
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a 
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                    Table 3: % Error for Ra between Experimental-Regression and Experimental-Geometric Model 
 
Sr. No. 
            Roughness Value Ra                                                   Roughness Value Ra 
Experimental Regression Model Error % Geometrical %Error 
1 4.1527 3.8717 6.76 3 27.75 
2 3.884 3.9453 1.57 3 22.76 
3 4.322 4.0189 7.01 3 30.58 
4 7.0147 6.2567 10.8 5 28.72 
5 5.8123 6.3303 8.91 5 13.97 
6 6.1787 6.4039 3.61 5 19.07 
7 8.5757 8.6417 0.76 7 18.37 
8 8.384 8.7153 3.95 7 16.05 
9 9.3137 8.7889 5.63 7 24.84 
10 3.7507 3.7913 1.08 3 20.01 
11 3.87 3.8649 0.13 3 22.48 
12 4.131 3.9385 4.65 3 27.37 
13 5.7883 6.1763 6.7 5 13.61 
14 6.408 6.2499 2.46 5 21.97 
15 5.7337 6.3235 10.28 5 12.79 
16 8.0542 8.5613 6.29 7 13.08 
17 8.377 8.6349 3.07 7 16.43 
18 8.7917 8.7085 0.94 7 20.37 
19 3.6503 3.7109 1.66 3 17.81 
20 3.8543 3.7845 1.81 3 22.16 
21 3.85 3.8581 0.21 3 22.07 
22 6.015 6.0959 1.34 5 16.87 
23 5.986 6.1695 3.06 5 16.67 
24 5.9207 6.2431 5.44 5 15.55 
25 9.0097 8.4809 5.86 7 22.3 
26 8.811 8.5545 2.91 7 20.55 
27 9.0937 8.6281 5.12 7 23.02 
 
 
 
 
                  
 
 
 
 
 
 
 
 
 
Fig.4 Scatter Plot Showing Variation in Ra, Rq, and Rz values with Cutting Speed 
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Fig.5. (a) Scatter Plot Showing Variation in Ra, Rq, and Rz. Value with feed. (b).Scatter Plot Showing variation in Ra, Rq, Rz Values with depth 
of cut 
4. c. Confirmation Tests 
Confirmation tests were carried out for validation of regression model also to compare performance dry machining 
with that of machining with coolant within the specified range of cutting parameters. The results were analyzed to 
check whether dry cutting gives satisfactory results for surface finish as compared with cutting with coolants. For 
this purpose cutting parameters with least three values of surface finish were chosen and checked for Ra, Rq and Rz 
values. 
            Table.4. Confirmation Test –Cutting Parameters and corresponding Ra values 
Speed Feed Depth of cut 
Ra  
Regression Model 
Experimental 
Ra 
138.16 0.22 0.3 3.868 3.256 
157.00 0.26 0.45 6.725 6.698 
169.56 0.28 0.55 7.675 7.126 
 
           Table.5. –Cutting Parameters and Corresponding Ra values for Dry and Machining with Coolant 
Sr. No. 
 
Speed  
 
Feed 
 
Depth of cut 
                                Ra 
Dry Machining Machining With Coolant 
1 175.84 0.2 0.4 3.853 3.213 
2 175.84 0.2 0.2 3.655 3.237 
3 150.72 0.2 0.4 3.758 3.157 
5. Conclusions:- 
Based on above investigation following conclusions can be drawn for cutting parameters used and characterization 
of surface topology                 
x A good correlation between surface topology parameters i.e. Ra, Rq, Rz and Cutting parameters was found 
from the developed regression model. So these regression models can be effectively used to predict the 
surface roughness within the specified range of cutting parameters which were used while investigation. 
a b 
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x Feed has greatest influence on surface finish for all three surface topology parameters i.e. Ra, Rq, and Rz for 
above investigated cutting conditions. 
x The Cutting Speed has greater influence on surface finish followed by feed for surface topology parameters 
as Ra, Rq. 
x It was observed that for the cutting parameter range under observation depth of has greater influence 
followed by feed for surface topology parameter Rz. 
x There is not much difference between surface roughness values obtained dry machining and machining 
with coolant therefore if conditions are favorable one can go for dry machining. 
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